Air pollution exposures in the motor vehicle cabin are significantly affected by air exchange rate, a function of vehicle speed, window position, vent status, fan speed, and air conditioning use. A pilot study conducted in Houston, Texas, during September 2000 demonstrated that useful information concerning the position of windows, sunroofs, and convertible tops as a function of temperature and vehicle speed could be obtained through the use of video recorders. To obtain similar data representing a wide range of temperature and traffic conditions, a follow-up study was conducted in and around Chapel Hill, North Carolina at five sites representing a central business district, an arterial road, a low-income commercial district, an interstate highway, and a rural road. Each site permitted an elevated view of vehicles as they proceeded through a turn, thereby exposing all windows to the stationary camcorder. 'open'' window status was affected by wind speed, relative humidity, vehicle speed, cloud cover, apparent temperature, day of week, time of day, vehicle type, vehicle age, vehicle color, number of windows, sunroofs, location, and air quality season. Open windows tended to occur less frequently when relative humidity was high, apparent temperature (a parameter incorporating wind chill and heat index) was below 501F, or the vehicle was relatively new. Although the effects of the identified parameters were relatively weak, they are statistically significant and should be considered by researchers attempting to model vehicle air exchange rates.
Introduction
The US Environmental Protection Agency (EPA) employs a variety of computer-based models to estimate population exposure to air pollution (Ott et al., 1988; US EPA, 1991; Johnson, 1995) . These models typically estimate exposures by simulating the movement of specific population groups through defined microenvironments. The accuracy of the resulting exposure estimates is highly dependent on the validity of the probabilistic algorithms used to estimate pollutant concentrations in each microenvironment. In the more sophisticated models, a mass balance model is used to calculate the pollutant concentration within an enclosed microenvironment as a function of outside concentration, indoor emission rate, air exchange rate, decay rate, and deposition rate, as appropriate.
In motor vehicles, the air exchange rate is significantly affected by vehicle speed, window position, vent status, and use of fans, air conditioners, and heaters. Two of these factors, vehicle speed and window position, can be routinely monitored by external observers. A pilot study was conducted in Houston, Texas, over a 2-day period in September 2000 to determine whether useful information on window position as a function of speed and other factors such as temperature and humidity could be obtained through the use of stationary video recorders (Long et al., 2002) . Of the 758 vehicles observed, 140 (18.5%) were labeled as ''open,'' indicating that a window, sunroof, or convertible top was at least partially open. Stepwise linear regression analyses indicated that the probability of a vehicle being ''open'' was weakly affected by time of day, vehicle type, vehicle color, vehicle speed, and heat index (HI). Open windows occurred more frequently when vehicle speed was less than 50 mph during periods when HI exceeded 99.91F and the vehicle was a minivan or passenger van. Overall, the pilot study demonstrated that data on factors affecting vehicle window position could be acquired through a relatively simple experimental protocol using a single video camera.
The vehicles included in the Houston pilot study were videotaped under a relatively limited range of conditions with respect to road type, surrounding land use, average vehicle speed, temperature, and season. To obtain similar data representing a wider range of conditions, researchers with TRJ Environmental, Inc. (TRJ) conducted a follow-up study in North Carolina during 2001. This paper describes the procedures used in this study, presents results of a statistical analysis of the data, and provides recommendations for follow-up studies.
Methods

Selection of Study Area and Monitoring Sites
The primary purpose of this study was to obtain window position data that would be useful in modeling vehicle cabin air exchange rates as a function of various temperature, vehicle speed, and traffic density conditions. The Research Triangle area of North Carolina (primarily Orange and Durham counties) was selected for the study because the area includes a variety of road types (interstate, radial, and local) and land use (urban, suburban, and rural) in close proximity to the offices of TRJ Environmental, Inc., in Chapel Hill, North Carolina. In addition, the area has a relatively hilly topography that facilitated the videotaping of vehicles using a single camera. The study was conducted in 32 sessions over a 9-month period (February 23, 2001 to October 3, 2001 ) to obtain data that could be classified by both temperature and season (summer/nonsummer).
Researchers selected five videotaping locations within the study area (Table 1) . Each site permitted an elevated view of vehicles as they proceeded through a turn, thereby exposing all windows to the stationary camcorder. Prior to the study, researchers developed a monitoring matrix that specified the characteristics of 32 proposed videotaping sessions with respect to season, temperature humidity index, average speed, road type, day type (weekday/weekend), time of day, and meteorological conditions. During the study, field staff attempted to schedule videotaping sessions so as to match each set of conditions specified in the matrix. Table 2 lists the sessions actually conducted and indicates the general conditions associated with each session, including location, date, nominal time period, and observed ranges of vehicle speed and temperature. Taping was conducted between February 23 and October 3, 2001, with the majority of sessions being conducted during the months of February, March, April, and June.
During the 32 sessions, vehicle speeds varied from 21 to 77 mph and air temperature varied from 411F to 931F, as determined by a hand-held weather meter employed at the site. On four occasions (Session Nos. 8, 12, 19, and 32) , mist or precipitation occurred during a taping session. Roadways were characterized as ''wet'' or ''icy'' during four taping sessions (Nos. 3, 12, 19, and 32) . A mist reported during Session 8 did not produce wet road conditions.
All videotaping was performed within the 12-h period between 0700 and 1900. In all, 85% of the vehicles were monitored during the 7-h period between 1100 and 1800.
Monitoring Equipment
An 8-mm Sony Handycam camcorder (Model CCD-TR517, Sony Corp., Tokyo, Japan) mounted on a tripod was used to videotape all traffic monitored during this study (Figure 1 ). This camcorder has an optical zoom capability of Â 20 and a digital zoom capability of Â 200, enabling the technician to record close-up images of the vehicles. An extended-duty battery (Model NP-F750, Sony Corp.) was installed in the camcorder to ensure continuous operation during the taping sessions. The sessions were recorded on Standard 8 videocassettes (Model MP120, Sony Corp.) and copied to VHS videotapes (Model HQ120, Fuji Photo Film Co., Ltd, Tokyo, Japan) for playback and data analysis. The VHS tapes were reviewed on a combination television/videocassette recorder unit (Model VV-2000, Matsushita Electric Corp. of America, Secaucus, NJ, USA). Temperature, relative humidity, and wind speed were measured during the taping sessions using a Kestrel 3000 Pocket Weather Meter (Nielsen Kellerman, Chester, PA, USA). The weather meter was placed in the shade to improve air temperature measurement accuracy. Air quality information was obtained from the Division of Air Quality, North Carolina Department of Environment and Natural Resources.
Monitoring Procedures
Videotaping was conducted by a single researcher (Tom Long) in 32 sessions occurring on 24 days distributed over a 9-month period (February to October 2002). The sessions varied in length from 8 to 244 min depending on traffic flow, with a general goal of obtaining usable video records for at least 150 vehicles during each session. Average session duration was 70 min.
At the beginning of each session, the technician set up the camcorder on a tripod and adjusted the camera to provide a clear view of all windows in each vehicle. The zoom function was used to obtain close-up images of the vehicle windows, and the camcorder was positioned to achieve a camera angle maximizing the reflection of light from the window surfaces. This approach aided researchers when they later viewed the videotape to determine whether windows were closed (reflective) or open (nonreflective). A time/date stamp was included on all tapes.
Traffic flow speeds were determined by timing the speed of randomly selected vehicles on the main roadway over a measured distance every few minutes. Temperature and humidity values were recorded at approximately 15-min intervals.
The technician used a prepared form to record the layout of the intersection and pertinent characteristics of the area surrounding the taping site, such as socioeconomic status, land use, and special vehicle origins or destinations. The technician also recorded special conditions for each session, including excessive noise or odors, vehicles with conspicuous visible exhaust, obstructions to traffic flow, road surface condition, local precipitation, and other general observations.
Inspection of Videos and Data Entry
The technician inspected the video images of vehicles passing through the camera's field of view and entered pertinent data for each vehicle into a spreadsheet. This information included: (1) location, date, and time; (2) Each vehicle passing the camera during the review time period was included in the preliminary database, including cases in which no window position information could be determined. Researchers continued to process the vehicle data for a particular videotaping session until at least 150 valid cases had been recorded (only 28 vehicles were recorded during Session No. 32, a special session during a brief rainstorm). Valid cases were defined as vehicles for which researchers could determine the position of every window and the sunroof, regardless of whether or not the number of occupants could be determined.
Results
Construction of Database for Statistical Analysis
Analysts initially constructed a database listing data on 4975 vehicles monitored during the 32 sessions listed in Table 2 . The database contained a variety of parameters relating to monitoring conditions such as location, date, time of day, temperature, relative humidity, wind speed, and precipitation. Data specific to each vehicle included vehicle type (e.g., minivan), color, age, number of occupants, number of windows fully open, number of windows partially open, number of windows closed, and number of windows with indeterminate status. The database also included data on the position of sunroofs (open/closed) and convertible tops (up/ down). Prior to analyzing the database, analysts identified 251 vehicles (5.0%) in which one or more windows were not visible because of sun angle, another vehicle, or attached visor. These vehicles were omitted from subsequent analyses. Nine motorcycles were also omitted. The remaining 4715 vehicles were used as the final database for the statistical analyses that follow. Table 2 lists the number of usable vehicle records associated with each of the 32 sessions. Table 3 presents frequency distributions for selected parameters relating to location and time of day based on the 4715 vehicles in the final database. Approximately 87% of the vehicles were evenly distributed among the Carrboro, Chapel Hill, and Interstate 40 locations. The remaining vehicles evenly split between the Durham and Pittsboro locations. In all, 87% of the vehicles were monitored between February and June with 32% in a single month (March). The remaining 13% were evenly distributed between July and October. Approximately 10% of the vehicles were videotaped on weekends. Of the 12 clock hours represented in the database, 1400 (i.e., 1400-1459) accounted for the largest fraction of vehicles (14.7%) and 700 for the smallest fraction (1.1%). Table 4 provides frequency distributions for variables associated with wind speed (instantaneous wind speed, maximum wind speed, and average wind speed). The technician recorded three wind speed values at regular intervals: the current ''instantaneous'' speed, the maximum speed since the beginning of the session, and the average speed since the beginning of the session. The latter two quantities were calculated automatically by the instrument whenever the technician took an instantaneous wind speed reading. Table 5 provides frequency distributions for apparent temperature and relative humidity. Apparent temperature was set equal to (1) the Wind Chill Temperature (WCT) Index recently updated by the National Weather Service (NWS) for applicable combinations of temperatures and wind speed (temperature r501F and wind speed 43 mph), (2) the NWS Heat Index for temperature 4791F, and (3) the ambient temperature as measured for all other conditions. The WCT Index was developed by a group , 2003) . The Heat Index is based on a model combining physiological and meteorological variables to determine perceived temperature in warm weather (Rothfusz, 1990) . Our use of the hybrid ''apparent temperature'' indicator is consistent with on-going efforts to develop an temperature index capable of quantifying ''perceived'' temperature under all conditions. For example, the International Society of Biometeorology (ISB) is currently developing a single comprehensive temperature index, tentatively titled the Universal Thermal Climate Index (UTCI), that will be applicable to year-round outdoor weather conditions, eliminating the need for separate heat and cold indices. The UTCI will also ''bridge the gap'' between the upper limit of the WCT Index (501F) and the lower limit of the NWS Heat Index (801F). The UTCI will be developed using physiologically appropriate heat transfer calculations for both heating and cooling of the body. The ISB expects the UTCI to be fully developed by 2005.
Frequency Distributions
Apparent temperature ranged from 381F to 1041F, with approximately one-third of the vehicles being taped at apparent temperatures between 381F and 591F, one-third between 601F and 791F, and one-third between 801F and 1041F. Approximately 50% of the vehicles were taped when the relative humidity equaled or exceeded 50%, with 13% at a relative humidity that equaled or exceeded 90%.
Frequency statistics for cloud cover, precipitation, and air quality forecast are presented in Table 6 . In all, 32% of the vehicles were taped during sunny, clear sky conditions (0 cloud cover); 17.4% were taped under 100% cloud cover. Approximately 9% of the vehicle records were associated with some type of precipitation (mist or rain). Between April and early October, the North Carolina Division of Air Quality provides a forecast of the air quality index for each day (green, yellow, orange, and red in order of increasing air pollution level). In total, 45% of the vehicles were taped on days when no forecast was made (i.e., on days outside the forecast season). Green, yellow, and orange conditions were associated with 16.6%, 35.2%, and 3.2% of the vehicles, respectively; no vehicle was taped during ''red'' air quality conditions. Table 7 provides frequency distributions for vehicle type and window configuration. Almost 60% of the vehicles were passenger cars with hard tops. A total of 13% were sport utility vehicles (SUVs), and an equal percentage were pickup trucks. In total, 10% of the vehicles were minivans or passenger vans. As would be expected, the most common window configuration was four windows without a sunroof or convertible top (57.8%). The next two most frequent configurations were two windows (25.5%) and four windows plus sunroof (8.8%). Table 8 provides frequencies for 21 vehicle colors and three ranges of estimated vehicle age. Note that most of the colors are characterized by both hue (e.g., blue) and shade (light, medium, or dark). Results of the earlier Houston pilot study suggested that shade was more likely to affect internal vehicle temperature than hue. The most frequent vehicle color was white (23.8%) followed by black (14.0%), medium red (10.7%), and light silver/gray (9.6%). Estimated vehicle ages were 57% new (0-3 years), 26% medium (4-10 years), and 17% old (11 or more years).
As discussed earlier, speed and traffic count values were assigned to each vehicle using the value measured closest to the taping time of the vehicle. Table 9 presents frequency statistics for these values and for parameters relating to road conditions and the occurrence of traffic obstructions during the monitoring period. In all, 59% of the vehicles were associated with a speed between 21 and 39 mph. In total, 27% of the vehicles had speeds of 60 mph or higher. Road conditions were characterized as dry for about 90% of the vehicles. Potential traffic obstructions included a bus stop 250 ft upstream from the monitoring station in Carrboro, a large puddle in the intersection at the Carrboro site, a traffic light backing up traffic at the Interstate 40 site, and a work zone in the opposite lane at the Interstate 40 location. No potential obstruction was identified in 81% of the cases. Table 10 provides frequency statistics for 33 combinations of apparent temperature and vehicle speed. None of the listed combinations accounted for more than 9% of the taped vehicles. Table 11 presents frequency distributions for selected variables relating to noise, odor, exhaust, and lane configuration. Excessive road noise in dry weather was noted for 29% of the vehicles, while road noise due to rain was recorded for an additional 6.4% of the cases. The technician reported a conspicuous exhaust odor in the air while taping 16% of the vehicles and observed one or more vehicles near the taping location with significant visible exhaust while taping 26% of vehicles. (Note: the reported odors and exhaust were not necessarily produced by the vehicle being taped.) Vehicles were approximately evenly distributed among the lane configurations, except for the presence of a right turn lane in the direction of videotaped traffic flow, which accounted for only 6% of cases. Table 12 provides frequency distributions for number of vehicle occupants by vehicle type. Note that these statistics are based on 4164 vehicles, approximately 88% of the 4715 vehicles included in the master database. In reviewing the videotapes, researchers found that it was difficult to accurately determine the number of passengers in many of the vehicles, because window reflection greatly limits visibility into the interior of the vehicle. Although reflection of light from window surfaces is quite important for determining window position, at the same time it hinders determination of the number of vehicle occupants. Aside from reflectivity, other factors that limited researchers' view of vehicle interiors were tinted windows and dark vehicle interiors. Researchers had particular difficulty in seeing rear seat occupants. Because of the relatively high number of missing values, the results listed in Table 12 may not represent a truly random, unbiased sample of the surveyed vehicles and should therefore be used with caution.
With this caveat in mind, the statistics in Table 12 indicate that 50.6% of the vehicles were passenger cars with one occupant, 13.0% were passenger cars with two occupants, 10.9% were pickup trucks with one occupant, and 7.3% were sport utility vehicles with one occupant. Vehicles with a single occupant accounted for approximately 76% of the cases; 19.5% were vehicles with two occupants.
Stepwise Linear Regression Analyses
A series of stepwise linear regression (SLR) analyses were performed on the data as a means of identifying and ranking variables that were significant predictors of window status. Each vehicle in the master database was assigned a value for Tables 3-12 represent the characteristics of the surveyed vehicles. Although the survey matrix was constructed to include a wide range of conditions, it was not designed to produce a truly random sample of all vehicles under all conditions. Consequently, the overall rate statistic (40.4%) is likely to be biased.
Researchers reviewed the results in Tables 3-12 Tables 16-21 used all relevant  variables in Tables 13-15 as candidate predictor variables, with the exception of OCCUPANTS. (The OCCUPANTS variable was omitted from the analyses because of the relatively large number of cases missing a value for this variable.) In reviewing the results of each SLR analysis, researchers checked appropriate diagnostics provided in the SLR outputs (e.g., the variance inflation factor) to determine whether the pool of candidate variables exhibited significant collinearity. Variance inflation factors for individual variables were not permitted to exceed 3.4, in agreement with guidance from Montgomery and Peck (1992) that such values not exceed 5.0. In performing the SLR analyses, analysts specified p-to-enter and p-to-exit values of 0.05 for adding and removing variables, consistent with recommendations by Draper and Smith (1981) .
A typical set of SLR results can be found in the first listing in Table 18 . As indicated by the entries in the first two columns, this analysis was performed on the 459 cases associated with minivans and passenger vans in the master database. The five parameters selected into the regression equation are listed in the next column according to the order in which they were selected. The table lists 
in which e is the residual term. The sign of each regression coefficient provides a directional indicator of the associated variable's effect on OPEN, with the caveat that the value of the regression coefficient may vary according to the other variables included in the regression equation. Factors tending to decrease OPEN for this vehicle type include RELHUM (relative humidity), NEW (estimated age ¼ new), WINDOW4 (four windows), and NOAQI (outside forecast season for Air Quality Index). Factors tending to increase OPEN include SPDTEMP6 (vehicle speed 30-39 mph, apparent temperature 60-891F) and SPDTEMP5 (vehicle speed 20-29 mph, apparent temperature 50-1091F). Note that the regression model based on these six variables explains less than 18% of the total variability in the OPEN values (R 2 ¼ 0.1761). While the effect of each of the six variables on OPEN is statistically significant, the regression equation does not provide a very powerful model for predicting whether a particular vehicle in the database will be open or closed. Table 16 provides results of an SLR analysis performed on the total database (i.e., all vehicle types). The regression equation contains 22 variables and has an R 2 value of 0.1948. The regression equation for passenger cars (hardtop) includes 18 variables with an R 2 value of 0.2076 (Table 17 ). In the same table, the regression equation for convertibles includes only two variables (RELHUM and ATEMPLT50) but has a much larger R 2 value (0.3143). Note that relative humidity is an important predictor variable for both vehicle types. Relative humidity is also an important predictor in the regression equations obtained for minivans/passenger vans, buses, and sport utility vehicles in Table 18 . In each case, RELHUM was the first variable selected into the regression equation. 0.1522. The R 2 value for commercial trucks is higher (0.2514), while the regression equation contains only three variables (ATEMPLT50, TRAFGT30, and NEW). Tables 20 and 21 provide results of SLR analyses specific to videotaping location. The smallest R 2 value is associated with Durham (0.1288), the largest with Pittsboro (0.2466).
The following variables appear two or more times in Tables  16-21 with a positive regression coefficient, indicating that the probability of a vehicle being ''open'' tends to increase when the indicated conditions occur: CLOUD6099, OLD, PICK-UP, SPDTEMP5, SPDTEMP6, SUNROOF, WEEKEND, VEHSMOKE, and WSGT4. Of special note are OLD, SUNROOF, and WEEKEND that each appear four or more times with positive coefficients. Variables appearing two or more times with negative regression coefficients include ATEMPGT95, ATEMPLT50, DURHAM, EARLYR-USH, MINIVAN, NEW, NOAQI, SILVER, SPDTEMP2, SPDTEMP3, WHITE, WINDOW4, RELHUM, and VEHSPEED. Four of these variables (ATEMPLT50, NEW, SILVER, and RELHUM) each appear four or more times with negative coefficients. Of special note are NEW that appears 10 times and RELHUM that appears eight times. Variables appearing two or more times with mixed regression coefficients include APPTEMP, CLOUDCVR, and WIN-DOWTOT. It is important to note that the predictor variables selected for inclusion in the regression equations vary with vehicle type and videotaping location.
Analysts repeated all of the SLR analyses listed in Tables 16-21 with OCCUPANTS included as a candidate predictor variable. In each case, the inclusion of the OCCUPANTS variable resulted in a significantly smaller sample size. The results of these analyses, which are not presented here because of space limitations, show that OCCUPANTS was a generally weak predictor of OPEN. OCCUPANTS was selected into the regression equations obtained for four vehicle classifications (all vehicles, SUV, pickup trucks, and commercial trucks) and two locations (Carrboro and Pittsboro). In each of these analyses, the incremental increase in R 2 resulting from the addition of OCCUPANTS to the regression equation did not exceed 0.03. In most cases, the incremental 
Discussion and recommendations
In the Houston pilot study described by Long et al. (2002) , researchers tested a methodology that used a relatively simple experimental protocol to acquire data on factors affecting vehicle window position. The North Carolina study described in the current article was designed to address many of the methodological deficiencies identified in the Houston study. Unlike the Houston study, the North Carolina study monitored vehicles over a relatively wide range of road types, meteorological conditions, and vehicle speeds. In addition, we were able to acquire better data for determining the effects of time of day, vehicle occupancy, vehicle age, and vehicle color. The North Carolina study also had a significantly larger sample size (4715 vs 758) and included monitoring during 9 months of the year rather than a single weekend. Consistent with the Houston study, the NC study found that the videotaping results of these analyses suggest that the following conditions (grouped by type) tend to increase the probability that OPEN ¼ 1: Wind speed: wind speed greater than or equal to 4 mph; Vehicle speed and apparent temperature: vehicle speed 20-29 mph when apparent temperature 50-1091F, vehicle speed 30-39 mph when apparent temperature 60-891F, or vehicle speed 40-49 mph when apparent temperature 60-991F;
Cloud cover: cloud cover between 60% and 99% (but not 100%);
Time period: day ¼ Saturday or Sunday; Vehicle characteristics: vehicle type ¼ pickup, the vehicle has a sunroof, or vehicle age ¼ old (11þ years);
Traffic conditions: vehicles with conspicuous visible exhaust were observed on the roadway.
The following conditions tend to decrease the probability that OPEN ¼ 1:
Relative humidity: increasing relative humidity; Apparent temperature: apparent temperature greater than or equal to 951F, or apparent temperature less than 501F;
Vehicle speed: increasing vehicle speed; Vehicle speed and apparent temperature: vehicle speed greater than or equal to 50 mph when apparent temperature less than 701F, or vehicle speed 30-49 mph when apparent temperature less than 601F;
Time period: hours ¼ 700, 800, or 900; Location: a low-income commercial district in Durham where vehicle occupants may have closed windows because of security concerns; Vehicle characteristics: vehicle type ¼ minivan, vehicle age ¼ new (0-3 years), vehicle color ¼ silver or white, or vehicle has four windows;
Air quality: no air quality index forecast for day. In general terms, the results suggest that vehicle openness is likely to be affected by wind speed, relative humidity, vehicle speed, cloud cover, apparent temperature, day of week, time of day, vehicle type, vehicle age, vehicle color, number of windows, location (or security concerns), and air quality season. Although these effects may be relatively weak, they are statistically significant and should be considered by researchers attempting to model vehicle air exchange rates.
The following conditions under evaluation were not found to significantly affect vehicle window status: rain, mist, ice on roads, wet roads, odor, noise, and potential road obstructions. It should be noted, however, that most of these conditions occurred infrequently in the database.
As in the earlier Houston study, field staff noticed a number of drivers knocking ash from cigarettes through a partially open driver's window. In other cases, field staff observed drivers smoking in vehicles with a partially open driver's window, possibly to allow secondary smoke to escape. This anecdotal evidence indicates that vehicles containing a smoker may have a higher proportion of partially open windows than the general population, especially under conditions expected to favor the use of air conditioning (e.g., high apparent temperature and/or relative humidity).
A continuing cause of uncertainty with respect to window and sunroof positions is the presence of visors or shields near the edge of the windows and sunroofs. These structures are designed to provide protection from wind at high speeds. On the videotapes, the effect of the visors is to obscure a portion of the window or sunroof from view, preventing researchers from determining whether the window or sunroof is completely closed or partially open. Fully open windows and sunroofs are not affected by the visors. Therefore, the vehicles excluded from the statistical analysis because of window or sunroof visors are likely to have a higher proportion of closed and partially open windows than vehicles included as valid cases.
All video tapes were reviewed by the same individual (Tom Long). To determine whether data entries for various vehicle characteristics vary significantly with reviewer, it would be desirable to have other researchers review the tapes and then statistically compare the results.
The statistical analyses discussed in this paper have focused on identifying variables that can be used to predict when the vehicle has one or more at least partially opened apertures. Similar analyses can be performed to identify predictors of other pertinent exposure indicators. For example, it would be useful to develop regression equations for predicting the occurrence of vehicles which have two or more open apertures F a condition that increases the likelihood of high air exchange rate. It would also be useful to develop models that predict the position of sunroofs as a function of the positions of other windows to evaluate solar UVB exposures in vehicles, as these wavelengths (280-320 nm) are not transmitted by window glass. In addition, researchers could develop models for predicting whether windows are fully or partially open.
